Abstract: Intracapsular condylar fracture in children and adolescents may damage the condylar cartilage and hinder the growth of mandibular branch, but the treatment of the pediatric/children's intracapsular fracture is still an academic controversy. In this study, we build the intracapsular condylar fracture models in miniature pigs and make the three-dimensional computed tomography analysis based on the datas and then make a series of histopathologic evaluation .The results indicated that the growth of mandibular branch is restrained and there are statistical significances in experimental and control groups,moreover the most serious degenerative change was found in experimental groups. The results will provide the theoretical basis for clinical treatment.
Introduction
Condylar fracture is one of the most common types that accounts for 20% to 62% of all mandibular fractures. With the development of imaging technique, it is revealed that malunion of condylar fractures may be responsible for the dysfunction of temporomandibular joint (TMJ), especially the comminuted fracture and fracture with height shortening of mandibular ramus, indicating poor prognosis 1, 2) . Simultaneously, the accuracy for the diagnosis of intracapsular condylar fractures is also improving. It has been reported that intracapsular fractures, sagittal fractures and comminuted fractures particularly, may induce serious damage to condylar cartilage, which may lead to traumatic osteoarthritis. According to the anatomical position of the fracture line, condylar fractures can be classified into three types of intracapsular fracture, condylar neck fracture and supracondylar fracture 3, 4) . In recent decades, with the wide application of CT, scholars have new perspective on the classification of intracapsular fractures. He D et al. 5) proposed four types of intracapsular fracture on the basis of the above description: Type A fracture, the fracture line passes through the lateral 1/3 of the condylar head, accompanied by decreased height of mandibular ramus; type B fracture, the fracture line passes through the middle 1/3 of the condylar head; type C fracture, the fracture line passes through the medial 1/3 of the condylar head; and type M fracture, comminuted fracture of the condyle. Intracapsular condylar fracture are more common in children with mandibular fractures. The major reason is that among children, the condyle is abundant in blood supply, which is also featured by thin cortical bone and wider condyle neck. Therefore, the above physiological features contribute to the induction of intracapsular fractures by trauma with great possibility. Condylar fracture in children and adolescents, especially intracapsular fracture, may cause damage to the cartilaginous cap of the condyle, resulting in the growth and development disorders of the mandibular ramus, and then the deformity of mandibular asymmetry (Unilateral fracture) or mandibular retraction (Bilateral fracture). It is influenced by many factors such as age, degree of injury and duration of braking 6) ,
with an incidence of about 25% 7) . Childhood osteogenesis is active and rich in blood vessels. After injury, it is predominated by reparative hyperplasia, which can cause traumatic osteoarthritis and even arthroclisis, thereby affecting the growth and development of the mandible. There are two main treatment options for condylar fractures, including conservative treatment (non-operative treatment) and open treatment (operative treatment). However, owing to the changeable types of condylar fracture and the continuous development of medical techniques, each patient has his/her own unique condition. The choice of treatment is still disputed in the medical field, and the above two treatments have their own advantages and disadvantages 8) . Meanwhile, there are multiple reports involved in the fundamental research of the injury of TMJ, however, corresponding clinical outcomes, pathological evaluation and molecular biological mechanism are not yet clear related to the disease. In view of this, it is necessary to establish an animal model of trauma, aiming at the clarification of the effect of intracapsular fracture of mandibular condyle on TMJ and its role in the development of the disease from the perspective of histopathology and others, so as to provide a theoretical basis for clinical treatment.
Materials and Methods

Establishment of type B intracapsular fracture model of mandibular condyle Experimental animals
Twelve miniature pigs (no limitation with sex) aged 2-3 months, weighing 9-11kg, were enrolled in this study. Animals were fed in different cages before experiment, and those without obvious systemic diseases, tooth loss or abnormal eating were included in the experiment eventually. The incorporated miniature pigs were randomly divided into 2 groups of the experimental group and the control group. The experimental group and the design as shown in the Table 1 .
Surgical procedures for the establishment of animal model
Following successful general anesthesia, sterilization and putting on sterile surgical towels, animals were kept in their lateral position, followed by preauricular skin incision. After the incision of the flap, the attached masseter muscle was stripped along the root of the zygomatic arch to expose the articular capsule. By pulling down the condyle, the articular capsule was cut to enter the upper and lower articular cavities. The bone-chisel was used to cut the bone from the lateral side of the condyle to the medial side, so that the fracture line was located in the middle 1/3 of the condyle, forming "type B like" fracture. The anterior and posterior attachment of the articular disc were cut off on the left side, besides, the fracture fragments and articular disc were then pushed to the anterior-medial-inferior side. The anterior disc attachment was retained on the right joint, and only the fracture fragments were pushed towards the anterior-medial-inferior side, and the wound was rinsed and sutured layer by layer, then the operation was finished. The control group was a blank control group without any treatment.
After the operation, experimental pigs were naturally awakened in the ventilated environment. The healing rate of miniature pigs was observed within 3 days after operation, and penicillin was injected intramuscularly for 3 days. The sensitivity of activity and dietary intake of miniature pigs were observed at the same time. After 1 week (1w) of soft pellet diet, the experimental pigs were fed to normal diet ( Fig. 1) .
Immediate CT and MRI after operation 1) Spiral CT: Scanning layer thickness of 0.625 mm, matrix resolution of 512×512, bulb tube voltage of 120kV, electric current of 100 mA. The data were stored on the disc in Dicom format. CT and MRI proved successful in modeling immediately after operation (Fig. 2) .
Three-dimensional CT-based cephalometric analysis
Cranial CT scan was performed in the experimental group and the control group at 4 weeks (4w) and 12 weeks (12w) after operation. ProPlan CMF1.3 software was used to measure the height of mandibular ramus. Subsequently, the data were statistically analyzed to evaluate the growth and development of mandibular ramus. The specific methods were as follows: 1) Selection of landmarks for three-dimensional cephalometric measurement: According to anatomical structure characteristics and measurement needs of the cranium of miniature pigs, the following indexes were selected, including the bilateral mandibular angles of An (L, R), submental point of Me, the exterior point of CoEx (L, R) and the interior point of CoIn (L, R).
2) Customization of measurement parameters: The height of mandibular ramus was represented by measuring the average height of the exterior point (The vertical distance to the plane of the mandibular angle formed by the connection of condylar exterior point to the bilateral mandibular angle point and the submental point) and interior point (The vertical distance to the plane of the mandibular angle formed by the connection of condylar interior point to the bilateral mandibular angle point and right submental point) of the condyle (Fig. 3 ).
Histopathological analysis
The whole condylar tissue was harvested 4 w and 12 w after operation. The condyle was cut at coronal position and half of which was placed in 10% neutral formaldehyde solution to fix for 48 h. Afterward, the specimen was placed in the EDTA decalcification solution for 1-3 months (replaced once every 1-2 days). The endpoint of decalcification was determined by acupuncture. After decalcification, the specimen was rinsed by running water for 24 h, followed by routine dehydration, clearing, wax dipping and embedding before staining. All specimens were continuously sectioned and numbered with a thickness of 5μm, and 1/3 of the incisional specimen were taken for staining and analysis.
Furthermore, the following situation was observed, such as the existence of adhesion in the articular cavity of TMJ, the position and shape of the disc, the relationship with the surrounding anatomical structure, the degenerative changes of the surface of the condyle and the articular fossa. H&E, toluidine blue and Safranin O staining were used to observe and score the changes and differences of condylar morphology and structure. 1) Pathological grading standard 9, 10) (Table 2 and Fig. 4) 2) Histopathological score and statistical analysis The histopathological score was graded by oral pathologists. SPSS 17.0 software was used to make statistical analysis. Results were analyzed based on the single-factor analysis of variance. p<0.05 meant that the difference was statistically significant.
Results
The height of mandibular ramus was increased gradually with time in each group postoperatively. There were significant differences in the height of mandibular ramus between the experimental group and the control group at 4w and 12w after operation (p<0.05). At each time the height of mandibular ramus on the side of ICF-B + articular disc displacement and the ICF-B side was significantly lower than that of the control group. Meanwhile, the height of mandibular ramus on the side of articular disc displacement was significantly lower than that of the other side with simple fracture. The above results suggested that the growth of mandibular ramus was inhibited after intracapsular condylar fracture, which was even more serious in the displaced side of articular disc (Table 3) 
Observation of gross specimens (Fig. 5)
Experimental group: 4w after operation, there was significant change in the inner and outer diameter of the condyle, which was much higher than that of the control group. However, no obvious change was discovered in the anteroposterior diameter. In the experimental group, the left articular disc was moved anteriorly to the medial side, located on the surface of the medial condyle ridge, and the lateral ridge was covered by thickened fibrous connective tissues. Moreover, the relationship of right articular disc and mandibular condyle was normal, and the medial ridge was covered by thickened fibrous connective tissues. Furthermore, the growth of condylar tissues covered by articular disc was significantly active. Therefore, it was observed that the lateral ridge of left condyle was smaller than the medial ridge in the experimental group, while the lateral ridge of the right condyle was larger than the medial ridge. The surface of the condyle is uneven and the part with absence of articular disc is more obvious. Besides, there was a small amount of fibrous connective tissues in the articular cavity.
Furthermore, 12w after operation, the inner and outer diameter of the condyle changed more evidently, accompanied by changes in the anteroposterior diameter, clearly increased than the control group. In the experimental group, the left articular disc was shifted anteriorly that located above the medial ridge of the condyle, the lateral ridge was exposed to the articular cavity, with murky grey color, rough surface and concave shape, indicating obvious condylar morphologic reconstruction. Besides, the color of corresponding glenoid fossa was reddish and full of fibrous connective tissues. In addition, the right articular disc was located on the surface of lateral condylar ridge, and the medial ridge was covered by thickened fibrous connective tissues. Additionally, there was active growth of condylar tissues covered by articular disc. In this regard, degenerative changes were visible in the lateral ridge of left condyle in the experimental group, and the lateral ridge was smaller than that of the medial ridge, while the lateral ridge of the right condyle was larger than the medial ridge. At this point, the volume of condyle was Table 3 . Average height of mandibular ramus at different times increased compared with that at 4w after operation, even accompanied by the appearance of bifid condyle deformity. The surface of the condyle covered without articular disc or fibrous tissue was more uneven and even indicated osteophyte-like growth. Nevertheless, no obvious ankylosis was observed either 4w or 12w after operation.
Blank control group: The condyle of TMJ was normal and the condylar surface was smooth and intact, with normal shape and color. No fibrous adhesions were found in the glenoid fossa. The volume of condyle was smaller than that of the experimental group at the same time. (Fig. 6) 1) The side of ICF-B + articular disc displacement:
Histological manifestations HE staining
4 w: The fibrous zone of the condylar medial ridge was thickened/ stripped, and loosening disorders were found in part of the zone. Cells in the proliferation zone were arranged in disorder and thickened, the hypertrophy zone was thinned with calcified cartilage extended to the hypertrophy zone. There was a large number of fibroblasts in the lateral ridge, with growth of small amount of blood vessels. More osteoclasts were visible between superficial bone trabecula. Besides, horizontal and vertical absorption clefts were observed within the calcification zone.
12 w: The structure of condylar cartilage was lost in the area with Figure 5 . Gross specimen Figure 6 . HE staining of the experimental group and control group articular disc displacement, accompanied by scattered distribution of multiple chondrocytes' clusters. There were even disintegration and loss of cartilages, as well as release and fracture of collagen fibers. The inferior bone marrow cavity was connected with the joints based on fibrous tissues ingrowing. The surface of the destroyed area of condyle was covered by thin fibrous tissues. In the area of full-thickness articular cartilage defect, there was obvious hyperosteogeny of subchondral bone tissues. The tidemark was incomplete, even with multi-layer tidemark.
2) ICF-B side: 4 w: The fibrous zone of the condylar lateral ridge was normal in structure and intact in surface, the proliferation zone and the hypertrophy zone were arranged in disorder, and the hypertrophy zone became thinner and arranged in a cluster. The structure of articular cartilage was disordered in condylar medial ridge, with the existence of a large number of fibroblasts, as well as clefts and blood vessels ingrowing.
12 w: The condylar cartilage was disordered, with small amount of blood vessels ingrowing. The proliferation zone and the hypertrophy zone were thinner, with obvious clefts, and there was smaller number of osteoclasts near the bone trabecula. Meanwhile, the tidemark became discontinuous.
3) Blank control group: 4w/12w: As time went on, the thickness of cartilage became thinner gradually, but chondrocytes arranged normally, without loosening and stripping. The tidemark was continuous and complete. Fig. 7) 1) The side of ICF-B + articular disc displacement: 4 w: There were obvious decrease of staining thickness in the hypertrophy zone, with significant reduction in the staining of lateral ridge.
12 w: The staining became weak in hypertrophy zone of medial condylar cartilage, almost without any staining in lateral ridge. 2) ICF-B side: 4 w/12 w: The staining became weaker in the lateral hypertrophy zone, and the medial staining was lighter.
3) Blank control group: 4 w/12 w: The staining was normal in the hypertrophy zone.
Safranine O staining (Fig. 8)
The results were the same as toluidine blue staining. 
Score results
Scale of local structure of condyle (Table 4) 1) The side of ICF-B + articular disc displacement and ICF-B: 4w/12w: There were statistical differences in the comprehensive scores between the lateral and medial ridges of the condyle (P<0.05).
2) At 4w, there was no statistical difference in the comprehensive score of the medial ridge of condyle in the left and right sides of experimental group when compared to that at 12w (P>0.05). At other time points, there were statistical differences in the comprehensive score son both sides between the experimental group and the control group (P<0.05).
Scale of overall structure of condyle (Table 5) 4 w/12 w: There were statistical differences in the condylar overall structure scores between the left and right sides of the experimental group and the control group at each time (P<0.05).
Discussion
By the mid-1970s, "closed reduction" and intermaxillary fixation were used in the treatment of intracapsular condylar fractures in children. Scholars believe that children have stronger ability of condylar remodeling than adult patients, closed therapy can thus achieve satisfactory long-term results. Besides, surgical treatment may lead to the following situations: (a) The fixator passes through the condylar growth center, resulting in condyle growth disorders; (b) Surgical dissection may lead to ischemic condyle necrosis; (c) Condyle absorption; (d) Scar and facial nerve injury after operation. However, these studies have no distinction in the degree of displacement or dislocation of condylar fracture, and there is no difference between the shortening of the height of mandibular ramus and the lack of randomness in the selection of cases. In addition, owing to the lack of classification of condylar fractures, the conclusion that surgical treatment for bilateral condylar fractures with severe displacement is worse than conservative treatment for unilateral or simple condyle fractures is unreliable in most comparative studies concerning open reduction and closed treatment. In the study on the healing of intracapsular condylar fractures, Long Xing et al. 11) constructed an animal model of intracapsular fracture in adult goats similar to that in clinical, and discovered that the TMJ after fracture had histopathological performance of ankylosis, and the maximum opening degree was significantly reduced at 4w and 12w. X-ray examination revealed severe bone resorption and new bone formation on the lateral stump of the condyle, and the articular cavity became smaller. Besides, three dimensional CT showed appearance changes of condyle, fracture fragment and articular eminence. However, due to the active growth of children, abilities of tissue remodeling and proliferation is stronger than those of adults, and the outcome after intracapsular fracture is different from that of adults. There is still a lack of research on the condition of healing, remodeling, and ankylosis. In this study, a"type B like" intracapsular fracture model of the condyle was successfully established in miniature pigs at young ages (2-3 months old). Three dimensional CT-based cephalometric analysis was performed after natural healing of the fracture. The measurements showed that there was significant difference regarding the height of mandibular ramus between the experimental group and the control group at 4w and 12w after operation (p<0.05); Besides, the height of mandibular ramus between bilateral joints was also statistically significant in the experimental group (p<0.05). It indicated that at each time point, the height of mandibular ramus was the shortest on the side of ICF-B + articular disc displacement, followed by that on the ICF-B side, and the height of bilateral mandibular ramus in the experimental group was significantly lower than that in the blank control group. The above results suggested that the natural healing of intracapsular condylar fractures in miniature had an effect on the growth of the mandibular ramus, which might be more significant after displacement of the articular disc.
Traumatic osteoarthrosis of TMJ is a degeneration of articular cartilage due to condylar fracture, ligament or articular disc tear, disc displacement, and cartilage injury, etc. induced by the direct or indirect impact on TMJ. Relevant manifestations in clinical are persistent joint pain involving neck/shoulder muscles, limitation of mouth opening, clicking of joint or fricative sounds, and chewing weakness, etc. Pathological manifestations include loss of articular cartilage, osteophyte formation and subchondral sclerosis 12) . With the development of imaging technique, especially CT [13] [14] [15] [16] [17] [18] [19] and MRI, the accuracy of diagnosis of intracapsular condylar fractures is gradually improving. It has been reported that intracapsular fractures, sagittal fractures and comminuted fractures in particular, have serious damage to condylar cartilage, which can lead to post-traumatic osteoarthrisis(PTOA). In addition, acute traumatic disc displacement without condylar fracture can also result in the occurrence of PTOA 7) . Although operative reduction of fracture and articular disc can be performed, some condylar cartilages are damaged and bone resorption will be formed in some patients. All of the above indicate that biological factors are involved in the occurrence of PTOA besides mechanical factors. However, there is no ideal treatment for PTOA so far. The treatment of condylar fractures has been controversial in children.
Most scholars advocate conservative treatment, but there is no clear explanation for complications after conservative treatment (facial asymmetry, ankylosis, etc.). Therefore, how to carry out effective intervention at early stage is of great significance in slowing down, stopping or even reversing cartilage damage in TMJ. PTOA caused by intracapsular condylar fracture in children may be the "culprit" that affects the healing process and even damages the growth and development of the mandible in children. With respect to the above, it is necessary to understand its pathogenesis, so as to determine effective therapeutic targets. The present study evaluated TMJ PTOA from the perspective of histopathology.
(1) Effect of intracapsular condylar fractures on condylar cartilage structure and extracellular matrix The condyle cartilage of TMJ consists of fibrous zone, proliferation zone, hypertrophy zone and calcified cartilage zone. This study found that the basic structure of TMJ condylar cartilage in miniature pigs was similar to that of human beings, and revealed the same cartilage structure. In this experiment, it was discovered that after condylar fracture, the structure of cartilage developed disorderly gradually and disappeared with time. Calcified cartilage zone appeared fissures and blood vessels ingrowing, with obvious subchondral bone degeneration. Furthermore, as for intracapsular fracture with anterior disc displacement, there was direct contact between the condyle and the glenoid fossa, associated with changes in the stress of the condyle cartilage, corresponding apoptosis of mature chondrocytes, relative decrease of the number of chondrocytes in the hypertrophy zone and the decrease of the thickness correspondingly. The proliferation zone also showed a significant reduction and a decrease in density. Therefore, the number of chondrocytes decreased and the thickness became narrower, which were identical to those in studies conducted by Kafka 20) and Kim et al 21) . To be specific, when the stress was greater than the pressure that the structure could bear, it might damage the chondrocytes to induce apoptosis. The repair of injured area was mainly fibrous connective tissue, and no significant difference was found in HE staining. As time went on, the structure of cartilage disappeared eventually, and subchondral bone degeneration was becoming increasingly evident. Bone marrow cavity was exposed and even osteophyte was formed. Toluidine blue and Safranine O staining analysis revealed that with the development of PTOA, proteoglycan components of chondrocytes were gradually decreasing.,but Proteoglycan is one of the main components of extracellular matrix secreted by chondrocytes. Its decrease indicates that cysts also cause serious disturbance to the extracellular matrix of cartilage, which is bound to affect the function of endochondral ossification. In view of the above results, it was supported that the intracapsular fracture might have a great influence on the chondrocytes, which could cause the apoptosis of chondrocytes, the disorder of cartilage structure and the change of extracellular matrix, all of which suggested the occurrence and development of OA. Therefore, it is believed that intracapsular condylar fracture directly affects the development of PTOA, and the position of articular disc plays a vital role in the development of PTOA.
(2)The development process of PTOA was analyzed and the scoring standard was formulated by observing the microcosmic changes of condyle cartilage and subchondral bone.
According to OARSI's 9, 10) OA score, the OA degree of each group in this study was assessed in terms of histopathology to judge the progress of the disease. It was observed that at both 4w and 12w after injury, the anterior disc displacement had a great impact on the condylar cartilage structure. Simultaneously, the disorder of lateral condylar cartilage structure was relatively mild because of the preservation of articular disc on the ICF-B side. As the main component of cartilage structure, the density of chondrocytes can explain the effect of articular disc position and condylar injury on the development of PTOA. Cell clones (cell clusters) are responsible for cartilage response damage, which may contribute to the completion of limited repair of cartilage by continuous replication, migration, differentiation and formation of new extracellular matrix. As its main role is to promote cartilage repair, cell clusters appear around the defect at the early stage of injury and the area of anterior calcification near calcified cartilage, indicating that the damage is still in the repair period of cartilage. The presence of cell clusters in condylar cartilage with anterior displacement might be related to the activation of OA chondrocytes differentiation 22) . As a major non-collagenous component of cartilage, proteoglycan is involved in regulating collagen formation and extracellular matrix structure. After injury, cells secrete matrix metallodegrading enzymes to degrade extracellular matrix, resulting in large loss of proteoglycan after injury. The side of ICF-B+anterior displacement of articular disc was still the most serious site of matrix degradation, while it was smaller in other groups although there were degradation. It was suggested that the disc displacement and condylar injury directly affected the degradation of extracellular matrix, and the position of articular disc had the biggest influence in matrix degradation. The tidemark is the boundary between cartilage and calcified cartilage. The observation of the tidemark may contribute to the understanding of the extent of ossification in cartilage. The current study observed that change of tidal line had occurred since 4w, indicating that the change of tidemark was affected by intracapsular fracture and anterior displacement of articular disc. According to the grading results, the number of chondrocytes was decreased in the proliferation zone and the hypertrophy zone with disc displacement. Although the number of chondrocytes can be restored in the proliferation zone of the cell bank, the hypertrophy zone is unrecoverable. With the decrease of mature chondrocytes, components of proteoglycan also changed in the extracellular matrix, which was similar to the prior study of joints by Aigner et al 23) . Therefore, although intracapsular condylar fracture may be the main initiator for the onset of PTOA, the change of the position of articular disc also aggravates the development of TMJ OA, which plays an important role in the process.
Although animal experiments cannot accurately simulate all problems encountered in the clinic, this study can still provide some reference to us: 1. The natural healing of intracapsular condylar fractures may inhibit the growth of mandibular ramus. In addition, if there is an anterior disc displacement, the growth inhibition of mandibular ramus is even more pronounced. In clinical diagnosis and treatment, attention should be paid to it together with correct examination and treatment. 2. For condylar fracture treatment in children, comprehensive analysis should be carried out for different age groups and fracture types, so as to guide clinical treatment. 3. Type B intracapsular condylar fracture model can be stimulated by operation, which can be made into TMJ traumatic osteoarthrosis model. 4 . Cartilage structure, cell density, cell clone, proteoglycan, tidemark and subchondral bone structure are most seriously affected on the side of ICF-B + articular disc displacement, whereas there is slight influence on the side with ICF-B alone. The present study illustrates that PTOA may be one of the major factors affecting the growth and development of mandibular ramus, and the position of articular disc plays a vital role in the development and recovery of the disease.
At present, controversy about the treatment of intracapsular condylar fractures in children needs further clinical and animal experiments to achieve consensus. Meanwhile, it is suggested that during the operation, attention should be paid to the protection and preservation of articular cartilage, as well as the reduction of displaced articular discs 6, 24) , so as to reduce postoperative complications.
